Alesswell-knownpotentialcausativefactorinthedevelopment of pneumonia after cardiac surgery is the use of transesophageal echocardiography (TEE) probes, which are used in the majority of all cardiac procedures. 21 Afewoutbreakshavebeendescribedlinking TEE probes with respiratory infections after cardiac surgery, 22 (17 patients) and Pseudomonas aeruginosa 23 (eight patients) in Japan and Escherichia coli 24 (eight patients) in the
Enterobacter cloacae
UnitedStates.Acommonfactorinallthreeoutbreakswasdamage to the probes, presumably preventing adequate decontamination.
| The outbreaks
In the year 2014, multiple patients in the intensive care unit (ICU)
at Landspitali University Hospital developed pneumonia with an extensively beta-lactam resistant Klebsiella oxytoca.Afteradetailed investigation for possible sources of contamination in the ICU environment, the same strain of K oxytoca was isolated from a TEE probe which had been used in most cardiac operations at the hospital. Careful inspection under magnification revealed a small crack at the junction of the tip and the shaft of the TEE probe. The probe was subsequently replaced with another one that was previously unused but several years old. The use of a protective sheath to cover the probe while in patient use was encouraged, but not enforced.
The outbreak strain of K oxytoca was not identified in any cardiac patient after changing the TEE probe. However, in the year 2017, three patients died of septic shock due to P aeruginosa shortly after cardiac surgery and two patients developed endocarditis due to
Enterococcus faecalis between 1 and 12 weeks after cardiac surgery.
One of those patients died. Inspection of the replacement TEE probe revealedminutedamage,seeFigure1,andbothpathogenswerecultured from the probe despite decontamination.
Given the two recent outbreaks described above, the aim of our study was to examine the incidence of infections after cardiac surgery in a nationwide population and how it related to periods with acontaminatedTEEprobeinuse.Additionally,wedescribetherisk factors for infections and the general outcome of cardiac surgery patients in Iceland.
| ME THODS

| Study design and setting
This was a retrospective, nationwide, observational study conducted 
| Patient selection and data collection
| End points
The main end point was the diagnosis of a new infection within 30 days after cardiac surgery, or 90 days for deep surgical site infections and endocarditis. Secondary end points included the incidence of complications as described above and mortality after cardiac surgery.
| Statistical analysis
Statistical analysis was performed using SPSS (IBM, Build 1.0.0.1126).
Proportions are presented as percentage with confidence intervals. Table 1 .
| Post-operative infections
One hundred ninety-eight (20.3%) patients developed one or more infection post-operatively, see Table 2 . The total number of registered infections was 273.
Pneumonia was the most common infection and was diagnosed in 89 patients (9.1%). The incidence rate was 13.8% (95% CI 10.5%-17.8%) in the two periods with a damaged TEE probe in use and 6.6% (95% CI 5.0%-8.9%) in other periods. A marked drop in pneumonia incidence was observed after TEE probe changes, see
Figure2.
Of all 89 patients with pneumonia, 67 (74.1%) were diagnosed while still in the ICU. The median time of diagnosis was on post-operative day 3 (IQR 2-4). The majority of patients with pneumonia (61 [68.5%]) had positive microbiological cultures, these came from tracheal aspirates (42), bronchoalveolar lavage (11) and sputum (8) .
The most commonly isolated pathogens were: K oxytoca (23), P aeruginosa (10), Serratia marcescens (8) , E cloacae (8), Klebsiella pneumoniae (7) and E coli (5). Incidence rates for E cloacae, K pneumoniae and E coli were low throughout the study period but K oxytoca and P aeruginosaexhibitedpeaksinincidence,seeFigure3.
| Two outbreaks traced to damaged transesophageal echocardiography probes
Anextensivelybeta-lactamresistantstrainofK oxytoca was found in respiratory samples of 22 patients after intraoperative use of the first contaminated TEE probe. One patient died during the hospital stay but the death was not considered to be related to the infection. With the second probe, a total of 10 patients had P aeruginosa in respiratory samples, of which three also had a bloodstream infection.Allthreepresentedwithsepticshockwithin3daysoftheir surgery and died in hospital. One additional patient with P aeruginosa pneumoniadiedbeforehospital discharge. Alsowiththesecond probe, two patients developed endocarditis with E faecalis in a biologic valve prosthesis within a 3-month period, one of whom died.Allthreebacteria(K oxytoca, P aeruginosa and E faecalis) could be cultured from the TEE probe in use at the respective time (after decontamination).
| Risk factors for and the impact of infections
Several factors were associated with the development of a post-operative infection, see Table 3 .
In a multivariate model, the duration of procedure (adjusted OR 
| Complications and outcome
Thirty-one patients died within 30 days of the index surgery (3.2%) and further three after that while still in hospital (in-hospital mortality 3.5%). Of those who died within 30 days, the most common causes of death were: Cardiovascular (13 patients), infectious (12 patients), stroke (two patients) and unknown (four patients). The most frequent complications were new-onset atrial fibrillation (31.6%), infections(20.3%)andtheneedforpleurocentesis(10%).Apartfrom atrial fibrillation and pericardiocentesis, all complications were associated with an increased risk of death on a univariate analysis, see Table 4 . 
| D ISCUSS I ON
We report epidemiological data on post-operative infections and outcomes from a nationwide cohort of cardiac surgery patients.
During the study period, there were two large outbreaks of infections associated with damaged and contaminated TEE probes, which had a major effect on our infection rates.
The total infection rate (20.3%) at our institution is higher than has been reported in recent large cardiac surgery cohorts
). We report a particularly high pneumonia incidence (13.8%) from periods with a damaged TEE probe in use but the incidence in other periods (6.6%) is within the range others have reported (2.4%-10.7%). F I G U R E 2 Incidence of pneumonia after cardiac surgery over a 5-year period. Each column represents one quarter year. ArrowsindicatethetimeofTEEprobe changes(November2014andApril2017)
The figure shows the proportion of all cardiac surgery patients with specific bacteria isolated from a postoperative respiratory sample than is generally appreciated. This risk may be increased when a TEE probe is used concurrently.
The clinical presentation of infections related to TEE use was in most cases an early-onset pneumonia within 3 days of surgery.
Interestingly, no patient with K oxytoca had a bloodstream infection and there were no fatalities directly attributed to the K oxytoca infections. The P aeruginosa seemed to be more virulent, with 3 of 10 patients developing bloodstream infection with septic shock. P aeruginosa has been associated with a higher mortality than other pathogens in previous studies on post-operative pneumonia. 27 The K oxytoca outbreak went unnoticed for some time in our institution. The Department of infection control has an active surveillance system for several pathogens, such as extended spectrum beta-lactamase (ESBL) producing strains of Enterobacteriaceae, but the K oxytoca did not produce ESBL even though it was multidrug resistant. The patient cohort was cared for post-operatively in a general mixed ICU where the majority of physicians have short rotations and this may have hindered detection of the outbreak. The discovery of the P aeruginosaoutbreakwasquicker.AlthoughP aeruginosa is a relatively common pathogen in the ICU, the unusual clinical presentation of septic shock in two post-operative cardiac patients within a short period led to an alert to infection control.
Our experience with two damaged probes over a relatively short time period suggests that TEE probe damage causing decontamination failure may be more common than is appreciated and that this damage can be difficult to detect. The use of protective sheaths on the TEE probe reduces the risk of cross-infection in case there is a decontamination failure. However, sheaths can be impractical as some users find they impair ultrasound views of the heart and not all sheaths are robust enough to maintain integrity during a lengthy surgery. We made informal enquiries to centres in both Europe and The pulmonary arterial pressure was excluded from the multivariate analysis due to a large number of missing values. c Operation in a time period where a damaged and contaminated TEE probe was in use.
Statistically significant values in bold (P < 0.05)
We cannot exclude that the high pneumonia rates we observed may have influenced the rates of other complications, such as the need for pleurocentesis (10%) and mechanical ventilation >48 hours (8.5%). Both were higher than the corresponding rates published in theSwedeheart2017Annualreport(6.3%and5.1%respectively).
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The Swedeheart Annual report publishes outcome data annually from around 6000 cardiac operations in Sweden, with patient characteristics and EuroScore II (mean 3.1%-5.1%) very similar to the cohort described in our study (3.78%). The rates of other complications such as cerebrovascular accidents (2.3%) and renal replacement therapy (1.7%) were similar to those reported in Swedeheart (2.0% and 3.0% respectively), as was the 30-day mortality, 3.2% vs 1.6%-3.5% in the Swedeheart cohort.
The strength of this study is the nationwide cohort from a single institution over a 5-year period. Rather than relying on diagnostic codes, we reviewed the charts of every cardiac patient during the studyperiod.Alimitationistheretrospectivedesignandtheinherent difficulties in diagnosing infections retrospectively. Especially pneumonia can be difficult to ascertain, given that critically ill cardiac surgery patients invariably have infiltrates on their chest X-rays and frequently exhibit a systemic inflammatory response syndrome post cardiopulmonary bypass.
| CON CLUS IONS
Minor surface damage and subsequent contamination of TEE probes were responsible for a surge in pneumonia rates and bloodstream infections with fatal outcomes in cardiac surgery patients in Iceland. This study highlights the importance of TEE probes as a potential risk factor for pneumonia following cardiac surgery and the necessity of adequate procedures for handling, inspection and decontamination of TEE probes.
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